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Summary
Objective: The aim of the present study was to assess phalangeal bone mineral density (BMD) in postmenopausal females with hand
osteoarthritis (OA) and to correlate the measured levels with the radiographic OA grade, pain, function and disability of the hand.
Methods: The study group constituted 40 postmenopausal women with hand OA (range; 45e83 years). Socio-demographic data were col-
lected. They underwent a comprehensive clinical examination of joint status and health outcome measure including Australian Canadian
(AUSCAN) OA hand index. Hand radiographs were quantiﬁed and graded according to Kellgren and Lawrence (K-L) scoring system.
Bone mineral content (BMC) and BMD of the third ﬁnger were measured using the accuDEXA (Schick, New York, NY). Twenty females
matched for age and years of menopause were studied as a control group.
Results: Phalangeal BMC and BMD were signiﬁcantly reduced in women with hand OA compared to controls and related to radiological
erosive OA. The AUSCAN pain and function subscales were worse in proportion to the severity of hand OA. OA X-ray score was signiﬁcantly
associated with reduced right grip strength, pain, and function scales while, decreased BMD was related to Ritchie index and pain scale.
Conclusion: Postmenopausal women with clinical and radiological hand erosive OA are at risk of development of hand osteoporosis (OP).
Phalangeal bone densitometry is an objective reproducible investigation. Poor physical function due to increased pain associated with increas-
ing severity of radiographic hand OA leads to worse BMD results.
ª 2007 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Osteoarthritis (OA) is the most common age-related joint
disorder throughout the world, and symptomatic hand OA
is a leading cause of disability among elders1. It occurs in
60e70% of the population over 66 years of age2 but a higher
prevalence of radiographically diagnosed hand OA of
94.4% in women3. Hand OA may sometimes contribute mi-
nutely to pain and physical disability with limitations in per-
forming activities of daily living4, which could reach the
same disabling levels induced by rheumatoid arthritis5,6.
In spite of this, evaluation of hand OA has received little at-
tention in the clinical setting.
The association between osteoporosis (OP) and OA re-
mains partially unclear even after years of research since
the ﬁrst results indicate an apparent inverse relationship be-
tween these two common diseases7. Several cross-sec-
tional studies showed associations between higher bone
mineral density (BMD) and increased risk of developing ra-
diographic hip and knee OA in elderly women8,9, and hand
OA in pre- and peri-menopausal women10. On the other
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12spine osteoporosis12 in postmenopausal women with clini-
cal hand OA. Despite these ﬁndings, limited information is
available on the association between different grades of
OA and bone mineral mass13,14. Dual X-ray of the hip and
spine is the ‘gold standard’ for diagnosis of OP. Within the
limitations of single site measurements, reports from con-
ducted studies have proved that bone densitometry exam-
ined by accuDEXA, which measures BMD in the ﬁnger
was strongly correlated with BMD of the hand and fore-
arm15. It has adequate sensitivity to identify women with
low BMD at the femoral neck16. Therefore, we hypothesized
that phalangeal bone mineral content (BMC) and BMD are
indicators of cortical bone mineral mass. The aim of the
present work was to assess phalangeal BMD in postmeno-
pausal females with hand OA and to explore the relation-
ship of BMD levels with the radiographic OA grade, hand
pain, function and disability.Patients and methodsPATIENTSForty postmenopausal women between the ages of 45
and 83 years presenting with hand OA were enrolled into
this study. They were all diagnosed based on the American
College of Rheumatology criteria for classiﬁcation of hand
OA17. Twenty healthy volunteers constituted of postmeno-
pausal women without clinical and radiological signs of
13Osteoarthritis and Cartilage Vol. 16, No. 1hand OA matched for age (56.55 6.49 years) and years
since menopause (8.35 5.26 years) served as controls.
An informed consent was taken before the study.EXCLUSION CRITERIAPatients with De Quervain’s, palmar tenosynovitis, trigger
ﬁnger and Dupuytren’s contracture of hand and wrist were
excluded. Also patients who had previous orthopedic sur-
gery or fracture, secondary OA (post-traumatic, metabolic,
and inﬂammatory rheumatic disease) were excluded from
the study. None of our patients were on hormone replace-
ment therapy or on any other form of treatment for OP.
None was a smoker or an alcoholic.MethodsOUTCOME MEASURESFig. 1. Hand X-ray showing narrowed proximal interphalangeal with
asymmetric narrowing of the distal interphalangeal joints of the mid-
dle ﬁnger. Subluxation of the metacarpo-phalangeal and ﬁrst carpo-
matacarpal joints.Socio-demographic and clinical data were collected at the
time of enrollment into the study. Patient’s formal education
(years), occupation, current or past activities involving in-
tensive use of the hands such as lifting or carrying heavy
objects, handedness, and parity (number of children) were
noted as well. At initial evaluation, the height and weight
were measured and body mass index (BMI) in kg/m2 was
calculated as an estimate of relative weight. All patients
were subjected to health assessment questionnaire;
Australian Canadian (AUSCAN) OA hand index. The AUS-
CAN18 is a disease-speciﬁc health status measure for hand
OA capturing pain (ﬁve items), stiffness (one item) and dif-
ﬁculties with daily activities (nine items). The Likert-scale
version (0e4) was used in this study within each of the 15
items19. Articular index; tenderness at carpo-metacarpal, meta-
carpo-phalangeal and proximal inter-phalangeal joints of the
thumb; proximal inter-phalangeal and distal inter-phalangeal
joints of the ﬁngers in both hands were measured using
Ritchie scores20 (0e3). The score for each joint ranged be-
tween 0 (absence of pain) and 3 (pain associated with with-
drawal movement), range (0e72) for both hands. Grip
strength (mmHg) in a standardized way (as the best perfor-
mance out of three attempts on each hand) and duration of
morning stiffness (min) were measured.RADIOLOGICAL ASSESSMENTEach subject had postero-anterior plain radiographs of
both hands at the time of evaluation. Hand radiographs
were all reviewed by two trained readers. Radiographs
were graded according to the criteria described by Kellgren
and Lawrence (K-L)21 radiological score as illustrated in
their Atlas of Standard Radiographs, Fig. 1. The intra-
observer reliability correlation coefﬁcient k (kappa statistic)
was 0.79 for reader 1 and 0.82 for reader 1; correlation
coefﬁcient k for inter-observer reliability was 0.65 for radio-
graphic scoring. OA grades were assigned into grade
0¼ no OA, grade 1¼ doubtful OA, grade 2¼minimal OA,
grade 3¼moderate OA, and grade 4¼ severe OA. Deﬁnite
hand OA was diagnosed with a grade 2.BONE DENSITOMETRYThe BMD of the middle phalange of the third ﬁnger
(g/cm2) was measured using the accuDEXA (P/N B7123100)
(Schick, New York, Long Island City, NY). The accuDEXA
device utilizes dual-energy X-ray absorptiometry (DEXA)technology, the standard of bone densitometry, designed
also to assess BMC of the imaged portion of the ﬁnger
(g), Fig. 2. All accuDEXA exams are performed on the
non-dominant hand and analyzed by the same investigator.
Proper ﬁnger placement inside the hand slot is essential for
precise test. The QC Phantom Test is an additional quality-
control check of the accuDEXA system. Reference BMD is
calculated from results of the ﬁrst 10 phantom tests; to be
included as one of the ﬁrst 10 tests, the phantom BMD
must fall within 0.52e0.58 ranges. The precision in clinical
subjects is within 1%. The accuracy error (Standard Error
of the Estimate [SEE]¼ 1.8%) is lower than other peripheral
and axial techniques. The t-score and z-score are calcu-
lated in the accuDEXA software compared with a normative
database of other individuals with the same age, gender,
and Caucasian ethnicity. The t-score was calculated
according to the equation given by the manufacturer:
BMDpatient BMDyoung healthy normal/standard deviation (SD).
The z-score is calculated as follows: BMDpatientBMDAge/
SD. The analysis is calculated automatically based on
t-score, and reported as normal (1 SD t-score1
SD), osteopenia (1 SD> t-score>2.5 SD), or osteo-
porosis (t-score<2.5 SD) according to the WHO guide-
lines22. The t-score and z-score for the scanned patient
Fig. 2. Accudexa, BMD is calculated for the middle phalange of the third ﬁnger of the non-dominant hand.
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a small square box, Fig. 3.STATISTICAL ANALYSISThe statistical analysis was done using a Macintosh LCIII
computer and Stat-view statistical package (SAS Institute
Inc., Cary, NC, USA) according to the method of Knapp
and Miller23. Tests used included one-way analysis of vari-
ance (ANOVA) that was utilized for comparison of means,
and Spearman’s correlation coefﬁcients that were used to
test associations between the various ordinal variables
and partial correlations.Results
Forty patients completed the AUSCAN questionnaire.
Thirty-six patients were right-handed, three left-handedFig. 3. Accudexa curve of t-score: 3.8 S.D. and Z-score: 1.7 S.D.and one ambidextrous. According to K-L radiological score,
18 (45%) were quantiﬁed as grade 2 (minimal OA), 12
(30%) as grade 3 (moderate OA), and 10 (25%) as grade
4 (severe OA) showing radiological signs of erosive hand
OA. Table I compares the postmenopausal women with
hand OA with the control group in terms of digital bone den-
sitometry measures. It shows that osteoarthritic patients
had lower bone mineral mass compared to the control
group. Table II summarizes the demographic and clinical
characteristics in each of these study groups. The mean
AUSCAN pain and function scales were signiﬁcantly higher
in severe hand OA than minimal hand OA (P¼ 0.013 and
P¼ 0.026). Concerning the bone mineral measurements
in different grades of hand OA, we found that the phalan-
geal BMC, BMD, z-score and t-score declined signiﬁcantly
in severe hand OA as compared to minimal OA
(P¼ 0.007, P¼ 0.002, P¼ 0.011 and P¼ 0.007, respec-
tively), though no signiﬁcant differences were found in
cross-sectional area (P> 0.05), in Table III.
All patients were on non-steroidal anti-inﬂammatory drugs
and non-smokers, but higher age, increased parity and in-
creased duration of menopause were signiﬁcantly associ-
ated with low BMC (r¼0.448, P¼ 0.004, r¼0.502,
P¼ 0.001 and r¼0.372, P¼ 0.018, respectively). These
factors associated similarly with BMD; r¼0.504,
P¼ 0.001 for age; r¼0.517, P¼ 0.001 for parity and
r¼0.440, P¼ 0.004 for menopause. No signiﬁcant asso-
ciations were found between BMI and BMC, BMD and OA
X-ray score (r¼ 0.230, P¼ 0.153; r¼ 0.252, P¼ 0.116Table I
Comparison of phalangeal bone densitometry measures between
postmenopausal women with hand OA and controls
Variable
(meanSD)
Hand OA
patients (N¼ 40)
Controls
(N¼ 20)
P value
BMC (g) 1.33 0.41 1.56 0.32 0.029*
Cross-sectional
area (cm2)
3.00 0.54 3.17 0.29 0.114
BMD (g/cm2) 0.43 0.1 0.49 0.07 0.015*
z-score 1.15 1.22 0.16 0.99 0.003*
t-score 1.69 1.88 0.44 1.4 0.011*
*Signiﬁcant.
Table II
Demographic and clinical characteristics of the study group and the different grades of hand OA
Variable
(meanSD)
Patient group
(N¼ 40)
Minimal (grade II)
(N¼ 18)
Moderate (grade III)
(N¼ 12)
Severe (grade IV)
(N¼ 10)
P1 value P2 value P3 value
Age (years) 58.35 10.12 54.78 7.34 62.17 11.68 60.20 11.25 0.144 0.384 0.896
Menopause (years) 9.10 7.71 6.89 7.03 12.17 8.53 9.40 7.26 0.187 0.704 0.696
Parity 4.43 2.05 4.33 1.78 3.75 2.63 5.40 1.43 0.739 0.411 0.172
BMI (kg/m2) 33.04 6.76 34.22 5.57 30.46 5.08 34.00 9.74 0.333 0.996 0.475
Morning stiffness (min) 27.38 20.35 23.33 18.86 32.08 23.30 29.00 19.83 0.525 0.784 0.940
Ritchie index (0e72) 7.63 3.18 6.61 3.07 8.08 2.97 8.90 3.35 0.454 0.190 0.829
Right grip strength (mmHg) 41.10 20.04 46.94 20.23 39.50 22.06 32.50 14.77 0.600 0.190 0.709
Left grip strength (mmHg) 50.63 24.86 56.39 28.17 49.17 27.78 42.00 9.19 0.739 0.349 0.797
Pain score L-K (0e4) 1.49 0.67 1.17 0.52* 1.60 0.76 1.91 0.58* 0.189 0.013* 0.509
Stiffness score L-K (0e4) 1.60 0.87 1.33 0.77 1.92 1.01 1.70 0.82 0.201 0.558 0.840
Function score L-K (0e4) 1.66 0.67 1.36 0.53* 1.86 0.68 1.97 0.70* 0.107 0.026* 0.915
*Signiﬁcant. P1¼Minimal OA vs moderate OA. P2¼Minimal OA vs severe OA. P3¼Moderate OA vs severe OA.
15Osteoarthritis and Cartilage Vol. 16, No. 1and r¼0.177, P¼ 0.274), data are not shown. Controlling
for age, duration of menopause, parity in Table IV; BMC,
BMD, z-score and t-score were inversely correlated with
OA X-ray score (partial correlations r¼0.399, P¼ 0.016,
r¼0.500, P¼ 0.002, r¼0.387, P¼ 0.02, and
r¼0.522, P¼ 0.001, respectively).
We investigated the radiological X-ray score and the de-
crease in BMC and BMD in relation to studied outcome
measures in Table V, the loss in BMD was signiﬁcantly re-
lated to Ritchie index and AUSCAN pain scale (r¼0.348,
P¼ 0.03 and r¼0.368, P¼ 0.02). The X-ray score was
signiﬁcantly related to pain, function scales and reduced
right grip strength (r¼ 0.459, P¼ 0.003, r¼ 0.394,
P¼ 0.012 and r¼0.322, P¼ 0.043, respectively).Discussion
Recent evidence shows also that the relationship be-
tween OA and OP varies between different joint sites11,24.
It has been suggested that higher BMDs measured by
DXA are found in subjects with knee or hip OA, but this as-
sociation is less obvious in subjects with hand OA25. Pha-
langeal BMD using accuDEXA demonstrated a moderate
correlation with BMD measured by DXA at the lumbar spine
and femoral neck but a lower sensitivity for the diagnosis of
OP26,27. The UK National Osteoporosis Society (NOS) has
recently issued new guidelines on the use of peripheral
DXA devices including hand accuDEXA in managing OP.
The NOS guidelines recommended that only 40% of post-
menopausal women aged 55e70 years require axial DXA
examination28.
In current work, decreased phalangeal BMC and BMD
were signiﬁcantly related to radiological hand OA. Interest-
ingly, this association varies between different grades ofTable I
Phalangeal bone densitometry measures in the stu
Variable
(meanSD)
Patient group
(N¼ 40)
Minimal (grade II)
(N¼ 18)
Moderate
(N¼
BMC (g) 1.33 0.41 1.49 33* 1.34
Cross-sectional
area (cm2)
3.00 0.54 3.04 0.42 3.17
BMD (g/cm2) 0.43 0.10 0.48 0.06* 0.42
z-score 1.15 1.22 0.64 0.98* 1.16
t-score 1.69 1.88 0.71 1.10* 1.88
*Signiﬁcant. **Highly signiﬁcant. P1¼Minimal OA vs moderate OA. P2hand OA since postmenopausal women with severe radio-
graphic erosive features of hand OA had signiﬁcantly lower
BMC and BMD than did women with minimal radiographic
ﬁndings of OA. The Baltimore Longitudinal Study of Aging24
showed that women with radiographic hand OA had a signif-
icantly greater adjusted rate of bone loss at the radius than
women with normal hand radiographs. Consequently,
Haara and associates13 in their study on a population sam-
ple of 8000 Finns found a direct relation between hand OA
with low metacarpal bone mineral mass in proportion to the
severity of OA and distal inter-phalangeal joint OA, a possi-
ble indicator of generalized OA, which suggests an in-
creased risk of OP over time.
Our results corroborate the hypothesis that hand joints are
less resistant to mechanical loading during the progress of
OA13. In longitudinal studies, prior to joint space narrowing,
cortical plate thickness in the wrist and hand increased in
two-thirds of the patients and in a third, it decreased. The de-
crease was attributed to localized peri-articular inﬂammation29.
The increased cortical plate thickness was due to osteophyte
formation30, but hand osteophytosis seems to have a less
speciﬁc association with increased bone mineral mass noticed
in the case of weight bearing joints14,31.
Recently, the association of obesity, and increased age
with OA has been examined in the longitudinal population
based Melbourne Women’s Midlife study32, hand OA
showed no signiﬁcant associations. Results of our study re-
vealed no signiﬁcant differences in relative body weight
(BMI), age, parity and years since menopause through var-
ious grades of hand OA. However, a close association ex-
ists between declined BMC and BMD with high age,
parity, and years since menopause which are known risk
factors for OP33,34, whereas after ruling out the role of
age, parity and years since menopause, OA was signiﬁ-
cantly correlated with decreased BMC and BMD. TheseII
died group and different grades of hand OA
(grade III)
12)
Severe (grade IV)
(N¼ 10)
P1 value P2 value P3 value
 29 1.01 0.49* 0.542 0.007** 0.117
 0.41 2.72 0.77 0.822 0.317 0.160
 0.07 0.35 0.13* 0.242 0.002** 0.141
 0.80 2.04 1.57* 0.460 0.011* 0.191
 1.25 3.21 2.57* 0.167 0.002** 0.175
¼Minimal OA vs severe OA. P3¼Moderate OA vs severe OA.
Table IV
Partial correlation showing correlation of radiological Kellgren’s
score to phalangeal bone densitometry
Variable BMC BMD z-score t-score
Kellgren’s score r 0.399* r 0.500** r 0.387* r 0.522**
P 0.016 P 0.002 P 0.02 P 0.001
Data controlled for age, parity, menopause and BMI. *Signiﬁcant.
**Highly signiﬁcant.
16 H. E. El-Sherif et al.: Hand OA and BMD in postmenopausal womenresults support the notion that the relation between hand
OA and OP may be due to genetic35 markers as well as
non-genetic factors related either to rates of bone turnover
detected by increased urinary concentrations of type II col-
lagen C-telopeptide36 or metabolic related to vitamin K de-
ﬁciency37 and use of non-steroidal anti-inﬂammatory
drugs38.
Poiraudeau and his co-workers39 found that the clinical
symptoms and level of functional disability are not corre-
lated with radiological ﬁndings. However, in this study, the
OA X-ray score was associated signiﬁcantly with worse
AUSCAN pain, function scales and reduced grip strength,
suggesting that most of the effect of OA on hand function
and grip strength is mediated by pain. Our ﬁndings are con-
cordant with those of previous reports that concluded that
hand function and pain are related to the presence of radio-
graphic hand OA40 and severity41. Further, Deodhar et al.42
reported that poor function leads to worse hand BMC loss,
in his 5 year longitudinal study investigating the hand BMC
as an outcome measure for rheumatoid arthritis. This can
be explained by the fact that in severe radiographic ﬁnd-
ings, OA progresses toward joint space narrowing, disability
and pain tend to make patient avoid physical activity that
leads to secondary OP. These facts were already conﬁrmed
by the signiﬁcant correlation observed in this work between
decreased BMD and AUSCAN pain scale and Ritchie
index.
In conclusion, postmenopausal women with clinical and
radiological hand erosive OA are at risk of development of
hand OP. Thus evaluation for OP should not be overlooked
in women with hand OA. Phalangeal bone densitometry isTable V
Spearman’s correlation showing relationship between BMC, BMD,
and X-ray score with different outcome measures in the whole
patient group
Variable BMC BMD Kellgren’s score
Morning stiffness r 0.089 r 0.143 r 0.143
P 0.586 P 0.380 P 0.379
Ritchie index r 0.257 r 0.348* r 0.279
P 0.109 P 0.028 P 0.081
Right grip strength r 0.118 r 0.238 r 0.322*
P 0.468 P 0.139 P 0.043
Left grip strength r 0.240 r 0.312 r 0.208
P 0.137 P 0.050 P 0.199
Pain score r 0.270 r 0.368* r 0.459**
P 0.092 P 0.020 P 0.003
Stiffness score r 0.050 r 0.151 r 0.210
P 0.757 P 0.353 P 0.193
Function score r 0.101 r 0.227 r 0.394*
P 0.534 P 0.160 P 0.012
*Signiﬁcant. **Highly signiﬁcant.an objective reproducible investigation. In order to investi-
gate phalangeal bone densitometry as a marker for both
prognosis and outcome in hand OA, a longitudinal study
is suggested. Extensive randomized controlled trials on
hand OA are also recommended to focus on epidemiologi-
cal studies and improved interventions to evaluate the wide
range of possible therapeutic options available for patients
with hand OA.References
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